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(54) Thermal barrier and overlay coating systems comprising composite metal/metal oxide bond 
coating layers 



(57) The present invention generally describes mul- 
tilayer coating systems comprising a composite metal/ 
metal oxide bond coat layer. The coating systems may 
be used in gas turbines. The coating system comprises 
also a thermal barrier coating layer (e.g. YSZ), a high 
density metallic bond coating layer (e.g. MCrAIY with 



M=Fe,Co2Ni). The metal/metal oxide bond coat layer 
has preferably an MCrAIY alloy matrix and Al 2 0 3 parti- 
cles dispersed therein. The purpose of this latter layer is 
to form a barrier for elements from the super alloy sub- 
strate diffusing into the coating system. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention generally describes mul- 
tilayer coating systems comprising a composite metal/ 
metal oxide bond coating layer. The coating systems of 
the present invention may be used in gas turbines. 

BACKGROUND OF THE INVENTION 

[0002] In gas turbine applications, superalbys, 
MCrAlY bond coatings, and overlay coatings often con- 
tain elements such as aluminum or chromium for oxida- 
tion and corrosion resistance. One a more of these 
elements form a thermally grown oxide (TGO) layer on 
the surface which acts as a barrier to further oxidation 
and corrosion. Over time, alloying elements like Ti, W, 
Ta or Hf diffuse up from the substrate and into the ther- 
mally grown oxide layer. Such impurities degrade the 
thermally grown oxide layer and reduce its protective 
ability. There can also be a significant loss of aluminum 
via diffusion from the bond coat into the substrate, 
thereby reducing the aluminum reservoir required to 
maintain the protective layer. 
[0003] * There is a need in the art for thermal barrier 
coating systems and overlay coating systems that 
reduce interdiffusion of elements between the substrate 
and the bond coat in order to increase the life of the sys- 
tems. The present invention is directed to these, as well 
as other, important ends. 

SUMMARY OF THE INVENTION 

[0004] The present invention generally describes mul- 
tilayer thermal barrier coating systems comprising a 
thermal barrier coating layer, a high density metallic 
bond coating layer, a composite metal/ metal oxide 
bond coating layer and a substrate. The thermal barrier 
coating systems further comprise a thermally grown 
oxide layer that forms during manufacture and/or serv- 
ice. 

[0005] The present invention also generally describes 
overlay coating systems comprising a high density 
metallic bond coating layer, a composite metal/ metal 
oxide bond coating layer and a substrate. 
[0006] The present invention also describes methods 
of making multilayer thermal barrier coating system 
comprising depositing a composite metal/ metal oxide 
bond coating layer on a substrate; depositing a high 
density metallic bond coating layer on the composite 
metal and oxide bond coating layer; and depositing a 
thermal barrier coating layer on the high density metallic 
bond coating layer. The method further comprises heat- 
ing the multilayer thermal barrier coating system to pro- 
duce a thermally grown oxide layer between the thermal 
barrier coating layer and the high density metallic bond 
coating layer. 



[0007] The present invention also describes methods 
of making multilayer overlay coating system comprising 
depositing a composite metal/ metal oxide bond coating 
layer on a substrate, and depositing a high density 
5 metallic bond coating layer on the composite metal/ 
metal oxide bond coating layer. 
[0008] These and other aspects of the present inven- 
tion will become clearer from the following detailed 
description. 

10 

B RI EF PESCPIPTI Q N QF THE FIGU RES 
[0009] 

15 Figure 1 is a cross-sectional view of multilayer ther- 
mal barrier coating systems of the present invention 
comprising a thermal barrier coating layer, a high 
density metallic bond coating layer (MCrAlY), a 
composite metal/ metal oxide bond coating layer 

20 and a substrate. 

Figure 2 is a cross-sectional view of multilayer ther- 
mal barrier coating systems of the present invention 
comprising a thermal barrier coating layer, a ther- 
mally grown oxide layer, a high density metallic 

25 bond coating layer (MCrAlY), a composite metal/ 
metal oxide bond coating layer and a substrate after 
thermal bond coating failure as a result of thermal 
exposure. 

Figure 3 is a cross-sectional view of multilayer ther- 
30 mal barrier coating system of the current state of 
the art comprising a thermal barrier coating layer, a 
thermally grown oxide layer, a high density metallic 
bond coating layer (MCrAlY), and a substrate 
WITHOUT the composite metal/ metal oxide bond 
35 coating layer after thermal bond coating failure as a 
resdt of thermal exposure. 

DETAILED DESCRIPTION OF THE INVENTION 

40 [0010] The present invention generally describes mul- 
tilayer thermal barrier coating systems for high temper- 
ature, hot section, turbine applications including, but not 
limited to, blades, vanes, combustors, and transitions. 
[001 1 ] The conventional approach to applying thermal 

45 sprayed MCrAlY bond coat or overlay coating is to min- 
imize the amount of oxides in the layer by adjusting 
processing parameters, controlling the surrounding 
atmosphere, such as by shrouding with argon, or by 
spraying in a low pressure or vacuum chamber. The 

so combination of an air plasma sprayed MCrAlY bond 
coating, with intentionally incorporated oxide, acts as a 
chemical diffusion barrier between the substrate and 
the MCrAlY coating. The addition of a second low pres- 
sure plasma sprayed (LPPS) or high velocity oxygen 

55 fuel (HVOF) bond coating layer, above the air plasma 
sprayed (APS) diffusion barrier, provides a platform for 
formation of a slow-growing, adherent oxide layer. 
[0012] Referring to figures 1 , 2, and 3. the multilayer 
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thermal barrier coating systems of the present invention 
comprise a thermal barrier coating layer 10, a thermally 
grown oxide layer 18, a high density metallic bond coat- 
ing layer 12, a composite metal/ metal oxide bond coat- 
ing layer 14 and a substrate 16. 
[001 3] The thermal barrier coating layer 1 0 is gener- 
ally an 8% yttrium stabilized zirconia layer that is applied 
by methods known to one skilled in the art such as air 
plasma spraying or physical vapor deposition. The ther- 
mal barrier coating layer 10, however, may also be com- 
prised of magnesia stabilized zirconia, ceria stabilized 
zirconia scandia stabilized zirconia or other ceramic 
with low conductivity. The thermal barrier coating layer 
1 0 is typically present at a thickness of about 5-20 mils. 
[001 4] The thermally grown oxide layer 1 8 (not shown 
in figure 1) is established during manufacturing and/or 
service exposure and is typically comprised of alumi- 
num oxide. The thermally grown oxide layer 18 grows 
continuously during the service of the component due to 
exposure to high temperature oxkfizing environments. 
This growth has been observed to be anywhere from 0 
to 15 micrometers thick. More typical, however, is 0 to 
10 micrometers thick. In the case of EB-PVD TBC 
ceramic top coats, the formation of the thermally grown 
oxide layer 18 is initiated during the coating process 
itself and provides an oxide surface for the columnar 
thermal barrier coating layer 10 growth. The tempera- 
tures involved are those consistent with current indus- 
trial practice for thermal barrier coating deposition and 
temperatures and times associated with engine opera- 
tion. Generally, temperatures in excess of 1400 degrees 
F are necessary for substantial thermally grown oxide 
layer 18 formation. 

[001 5] The high density metallic bond coating layer 1 2 
is generally an MCrAlY alloy deposited by methods 
known to one skilled in the art, such as high velocity 
oxygen fuel or low pressure plasma spray techniques. A 
typical form of MCrAlY is where M is nickel and/or cobalt 
and Y is yttrium. In addition, there are numerous modifi- 
cations where additional alloying elements have been 
added to the mix including rhenium, platinum, tungsten, 
and other transition metals. NiCoCrAJY's and 
CoNiCrAlYs are by tar the most common. For most 
industrial gas turbine applications, the high density met- 
alic bond coating layer, or MCrAlY layer 12 is typically 
about 4-1 0 mils thick unless a particular process restric- 
tion requires thicker coatings whereby the metallic bond 
coating layer 12 accordingly will be thicker. For aero 
applications, the MCrAlY is typically thinner and may be 
found at about 2-5 mils thick. 
[001 6] In a preferred embodiment of this invention, the 
dense MCrAlY layer 12 comprises 50-90% of the total 
bond coat thickness (both layers) and the composite 
metal/ metal oxide layer 14 comprises 10-50% of the 
coating thickness. More preferably, the MCrAlY layer 12 
comprises 70% of the total bond coat thickness (both 
layers) and the composite metal/ metal oxide layer 14 
comprises the other 30% of the coating thickness. 



[0017] The composite metal/ metal oxide layer 14 acts 
as a diffusion barrier. Preferably, the layer is deposited 
using methods known to one skilled in the art, such as 
air plasma spray techniques which can be made to pro- 
duce a lamellar structure of metal/ metal oxide layers 14 
which act as a diffusion barrier. This composite metal/ 
metal oxide layer 14 can be formed from any MCrAlY 
that can be made or is commercially available. 
[0018] The structure of the composite metal/ metal 
oxide layer 14 of the current invention is formed by the 
insitu oxidation of MCrAlY particles which occurs during 
air plasma spray by the reaction of the surface of the 
molten MCrAlY droplet with oxygen in the air. There are, 
however, other means of establishing the composite 
metal/ metal oxide 14 are feasible. For example, the 
objectives set forth in this invention can be accom- 
plished by thermal spray co-deposition of ceramic (alu- 
mina) and MCrAlY where both powders are fed into the 
plasma gun either simultaneously or sequentially to 
build up an alternating layer, or by alternating deposition 
of thin layers followed by oxidation heat treatments 
between gun passes such that the diffusion barrier layer 
is made up of alternating metal-ceramic layers where 
the layers are continuous or disrupted. 
[0019] The term "substrate" 16 refers to the metal 
component onto which thermal barrier coating systems 
are applied. This is typically a nickel or cobalt based 
superalloy such as IN738 made by Inco Alloys Interna- 
tional, Inc. More specifically, in a combustion turbine 
system, the substrate 16 is any hot gas path component 
including combustors, transitions, vanes, blades, and 
seal segments. 

[0020] Figures 2 and 3 illustrate the advantage of 
using the composite metal/ metal oxide layer 14 of the 
present invention between the MCrAlY bond coat layer 
12 and the superalloy sdbstrate 16. The coating in Fig- 
ure 2 contains a composite metal/ metal oxide layer 14 
whereas the coating in figure 3 does not. Both coatings 
have been exposed to elevated temperatures in air for 
2500 hours. 

[0021 ] Specifically, figure 2 shows the superalloy sub- 
strate 16, the metal/ metal oxide layer 14, the MCrAlY 
bond coat layer 12, the thermally grown oxide layer 18, 
and a small amount of residual thermal barrier coating 
layer 10 after thermal bond coat failure. Figure 3 shows 
the superalloy substrate 16, the MCrAlY bond coat layer 
12, the thermally grown oxide layer 18, and a small 
amount of residual thermal bond coat layer 10 after 
thermal bond coat failure. The phase visible in the 
MCrAlY bond coat layer 12 is beta nickel aluminide 22 
(NiAf). Beta nickel aluminide 22 is the source of the alu- 
minum responsible for forming a dense coherent ther- 
mally grown oxide layer 18 (AI2O3) which forms during 
service and is necessary for good oxidation resistance. 
Aluminum is consumed in the formation of the thermally 
grown oxide layer 18 and by theldiffusion of aluminum 
into the substrate 16 material. 
[0022] By comparison, it is readily apparent that there 
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is substantially more beta nickel aluminide 22 present in 
figure 2 (containing the composite metal/ metal oxide 
intermediate layer 14) than is present in figure 3. It is 
also readily apparent that in f igure 2 there is only one 
beta depleted zone 20 within the MCrAlY bond coat due 
to oxidation. In contrast, figure 3 shows two beta 
depleted zones 20 within the MCrAlY bond coat in figure 
3 - one adjacent to the substrate 16 superalloy due to 
irrterdrffusion and one adjacent to the thermally grown 
oxide layer 18 due to oxidation. Without intending to be 
bound by a theory of the invention, the greater retention 
of beta nickel aluminide 22 in figure 2 is believed to be 
due to the aluminum oxide particles in the composite 
metal/ metal oxide layer 14 acting as a physical barrier 
to aluminum diffusion into the superalloy substrate 16. 
Thus, the presence of the composite metal/ metal oxide 
layer 14 retains beta nickel aluminide 22 in the MCrAlY 
bond coat layer 12. As a result a longer coating life is 
expected. 

[0023] The use of an air plasma sprayed bond coating 
has historically proven to exhibit inferior performance 
relative to a low pressure plasma sprayed bond coating. 
The combination of an air plasma sprayed bond coating 
to act as a diffusion barrier, and a high density low pres- 
sure plasma sprayed or high velocity oxygen fuel bond 
coating to promote formation of a dense, adherent pro- 
tective alumina layer offers an improvement over the 
current single layer bond coating system. The oxidation 
of the low pressure plasma sprayed coating could fur- 
ther be improved through surface modification, such as 
aluminizing, platinum aiuminizing or other surface mod- 
ification techniques. 

[0024] The teaching of the present invention as it 
relates to multilayer thermal barrier coatings are identi- 
cal to multilayer overlay coating systems with one 
exception; in multilayer overlay coating systems the 
thermal barrier coating layer (1) is not present. In all 
other respects, the inventions are the same. 
[0025] Various modifications of the invention in addi- 
tion to those shown and described herein will be appar- 
ent to one skilled in the art from the foregoing 
description. Such modifications are also intended to fall 
within the scope of the appended claims. 

Claims 

1. A multilayer thermal barrier coating system com- 
prising a thermal barrier coating layer, a high den- 
sity metallic bond coating layer, a composite metal 
and oxide bond coating layer and a substrate. 

2. The thermal barrier coating system of claim 1 , fur- 
ther comprising a thermally grown oxide layer dis- 
persed between the thermal barrier coating layer 
and the high density metallic bond coating layer. 

3. The thermal barrier coating system of claim 1, 
wherein the thermal barrier coating layer comprises 



a low conductivity ceramic layer. 

4. The thermal barrier coating system of claim 3, 
wherein the low conductivity ceramic layer com- 

5 prises zirconia stabilized with at least one of yttria, 
scandia, magnesia, ceria, or a combination thereof. 

5. The thermal barrier coating system of claim 1, 
wherein the high density metallic bond coating layer 

10 comprises a MCrAlY alloy, wherein M is at least one 
of Co, Ni, Fe or a combination thereof. 

6. The thermal barrier coating system of claim 1, 
wherein the composite metal/ metal oxide bond 

is coating layer comprises an MCrAlY and aluminum 
oxide. 

7. The thermal barrier coating system of claim 1, 
wherein the substrate comprises a cobalt based 

20 superalloy, 

8. The thermal barrier coating system of claim 1, 
wherein the substrate comprises a nickel based 
superalloy. 

25 

9. The thermal barrier coating system of claim 2, 
wherein the thermally grown oxide layer comprises 
aluminum oxide. 

30 10. A method of making a multilayer thermal barrier 
coating system comprising 

depositing a composite metal/ metal oxide 
bond coating layer on a substrate; 

6 depositing a high density metallic bond coating 
layer on the composite metal/ metal oxide bond 
coating layer; and 

depositing a thermal barrier coating layer on 
the high density metallic bond coating layer. 

40 

11. The method of claim 10, further comprising heating 
the multilayer thermal barrier coating system to pro- 
duce a thermally grown oxide layer between the 
thermal barrier coating layer and the high density 

45 metallic bond coating layer. 

12. The method of claim 10, wherein the composite 
metal/ metal oxide bond coating layer is deposited 
on the substrate by an air plasma spray technique. 

50 

13. The method of claim 10, wherein the composite 
metal/ metal oxide bond coating layer comprises an 
McrAlY and aluminum oxide 

55 14. The method of claim 10, wherein the high density 
metallic bond coating layer is deposited on the com- 
posite metal/ metal oxide bond coating layer by a 
high velocity oxygen fuel technique or a low pres- 
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sure plasma spray techrriqua 

15. The method of claim 10, wherein the high density 
metallic bond coating layer comprises an MCrAlY 
alloy, wherein M is at least one of nickel, cobalt, or 
a mixture thereof. 

16. The method of claim 10. wherein the thermal bar- 
rier coating layer is deposited on the high density 
metallic bond coating layer by an air plasma spray 
technique or by physical vapor deposition. 

17. The method of claim 10, wherein the thermal bar- 
rier coating layer comprises yttrium stabilized zirco- 



18. The method of claim 11, wherein the thermally 
grown oxide layer comprises aluminum oxide. 

19. The method of claim 10, wherein the substrate 
comprises a cobalt based superalloy. 

20. The method of claim 10, wherein the substrate 
comprises a nickel based superalloy. 

21. The method of claim 10, wherein the composite 
metal/ metal oxide bond coating layer comprises an 
McrAlY and a ceramic phase. 

22. The method of claim 10, wherein the composite 
metal/ metal oxide bond coating layer is deposited 
by a high velocity oxy-fuel technique. 



depositing a high density metallic bond coating 
layer on the composite metal/ metal oxide bond 
coating layer. 

5 29. The method of claim 28, wherein the composite 
metal/ metal oxide bond coating layer is deposited 
on the substrate by an air plasma spray technique. 

30. The method of claim 28, wherein the high density 
10 metallic bond coating layer is deposited on the com- 
posite metal and oxide bond coating layer by a high 
velocity oxygen fuel technique or a low pressure 
plasma spray technique. 

75 31. The method of claim 28, wherein the high density 
metallic bond coating layer comprises an MCrAlY 
alloy, wherein M is at least one of nickel, cobalt, or 
a mixture thereof. 

20 32. The method of claim 28, wherein the substrate 
comprises a cobalt based siperalloy. 

33. The method of claim 28, wherein the substrate 
comprises a nickel based superalloy. 

25 



30 



23. A multilayer overlay coating system comprising a 
high density metallic bond coating layer, a compos- 
ite metal/ metal oxide bond coating layer and a sub- 
strate. 



24. The overlay coating system of claim 23, wherein the 
high density metallic bond coating layer comprises 
a MCrAlY alloy, wherein M is at least one of Co, Ni, 
Fe or a combination thereof. 



AO 



25. The overlay coating system of claim 23, wherein the 
composite metal/ metal oxide bond coating layer as 
comprises an MCrAlY and aluminum oxide. 

26. The overlay coating system of claim 23, wherein the 
substrate comprises a cobalt based superalloy. 

so 

27. The overlay coating system of claim 23, wherein the 
substrate comprises a nickel based superalloy. 

28. A method of making a multilayer overlay coating 
system comprising the steps of: ss 

depositing a composite metal/ metal oxide 
bond coating layer on a substrate; and 
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